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or PM2 DNA, to be no less than, and in many respects much higher than those 
obtained by numerical differentiation. 

High resolution melting profiles of DNA represent therm odynamica! maps of 
regions smaller than 0.5% of the total genome. If the DNA is sufficiently short, 
melting exhibits a fine structure arising from specific subtractions [6], and 
under favorable conditions may reflect the base composition over regions as 
small as 300 base pairs [4]. However, such profiles raise questions of the 
suitability of analyses derived from the familiar macroscopic linear free energy 
expression for the dependence of melting temperature, T m , on G + C composi- 
tion [7]. The analysis of particular subtransitions for the number of base pairs, 
or the instantaneous base composition, or the variabUity of the latter under a 
resolved band are matters of considerable interest; therefore, we have refined a 
spectral method that can be used to quantitate both instantaneous and total 
base composition under any DNA derivative melting profile. 

Materials and Methods 

DNA. DNAs from PM2, X(CI S?5 S 7 ), T4, Escherichia coli. Bacillus subtilis, Ps. 
BAL 31, calf thymus, salmon sperm and moose liver (Alces alces) were isolated 
according to established procedures [8—10]. In addition, DNAs from 
Clostridium perfringens, Pseudomonas fluorescence, T4, B. subtilis, E. cc/7, 
Micrococcus lysodeikticus, calf thymus, salmon sperm, and synthetic polyfcA * 
dT), poly(dA-dT), poly[d(A-T) • d(A-T)] and poly[d(G-A) * d(T-C)] were 
purchased. No differences could be discerned in the high resolution melting 
profiles of DNAs from the same species but from different sources or prepared 
by different methods; though some commercial DNAs required further depro- 
teinization by phenol. 

The mean size and size distribution of all DNAs were examined by electro- 
phoresis through 0.5% agarose on 0.75 mm X 12 cm vertical slab gel. All runs 
were framed by DNAs of predefined size and mobilities determined from 
fluorescence-microdensitometer tracings. Size standards included mono- 
disperse preparations of sheared calf thymus DNA, X, PM2 and the six ECO RI 
endonuclease products of X [11]. It was observed that the size of most 
prokaryotic DNAs exceeded the upper resolving limit of the gel (approx. 
30 • 10 6 daltons). However, the vertebrate DNAs exhibited some detectable 
skewing toward lower molecular weights, which, nevertheless, exceeded 20 * 
10 6 . 

Solvent. The solvent in all cases consisted of 7.5 mM NaCl, 5 m.M sodium 
cacodylate, 0.2 mM Na-EDTA, pH 6.85 ([Na + ] = 0.012 M). The precise Na* 
concentration was confirmed by the temperature at the inflection point in 
melting curves of poly(rA • rU) (38.76 ± 18°C) [12] and poly(dA • dT) (48.60 ± 
0.18°C) [13]. A small amount of poly(dA • dT) (A 260nm * 0.10) was added to 
all DNAs to provide a distinguishable marker in the derivative profiles. The 
poly(dA • dT) profile is sensitive to variations in the Na* concentration of less 
than 1%, or ±0.1 mM. 

Direct-derivative melting curves. Melting of DNA was monitored by the loss 
of hypochomicity at selected wavelengths in the form of a derivative dA(X,nm)/ 
dT*. In a manner similar in principle to that described by Romer et al. [14], 



derivative p 
absorbance. 
different te 
Cary 118C, 
■ ** ? max** 
•e limit of 
•ni instabil 
rejected t 
-.r.volved so: 
calibration 
arc, and cl 
absolute a. 
depending i 
microcells r 
from evapo 
always <0.: 
expansion w 
The tern: 
•r;:ulating » 
*.:er was 
.v.perature 
- 1.0'C/n 
eduction; i 
regulators c 
from the H 
laboratory.) 
through a 
thoroughly 
differential 
97°C range 
monitored i 
Yellow Spri 
:hc cells an* 
The te 
:nples. Th 
.nperature 
.-latinum re- 
The 500 n 
25 mm wen 
amplificatio 
routinely cl 
nucleotide ] ■ 
cemed in th 

Results 

'■'irect deriv. 
is conv 



tnan tnose 

:ai maps of 
mtly short, 
is [6], and 
* regions as 
ons of the 
free energy 
C composi- 
' base pairs, 
:er under a 
/e refined a 
s and total 



subtilis, Ps. 
ere isolated 
NAs from 
lis, E. cc.V, 
c poly(dA * 
T-C)] were 
on melting 
or prepared 
ther depro- 

by electro- 
el. All runs 
.lined from 
ied mono- 
six ECO RI 
£e of most 
?1 (approx. 

detectable 
:eeded 20* 

nM sodium 
precise Na* 
)n point in 
T) (48.60 ± 
as added to . 
•ofiles. The" '* 
tion of Jess 

by the loss 
dA(\,nm)/ 
2tal. [14], 



the small difference in 

different temperatures, &t* This A n soluci °ns maintained at slightly 
Gary 11SC, a ratio retrain* S oec traohnr m ° nkored continouously i 

and a maximum noise level oft^o^' ^ ^ monochrometer 
the hmit of resolution at that hvel^^an^ V envac!Ve cu ^s, fixing 
mal mstability of the deuterium arc ? 0 ?003 f "ZT* ^ b * the ™' 
a selected iungsten-halogen lamo with r£ } Uld be elimin ated by using 
involved some sacrifice of int^ 

cahbration was established wth h emton? '"J**" ^ *»«leng£ 
, and checked occasionally ^h X ^ ° f a f h * h P ress ^ mercury 

I absolute absorbances of samnle&vS V\ Um ° f ben2ene v *P<>r. The 
, depending upon the sample iVsta?? d *' Ween °' 10 »<» ™ A*o 

mnoedb retiring 500 J, ™°» .tap£5 

I from evaporation. Since the diffe^ USed ; with ^ble losses 

, always <0.5*C, no correction 0^^^ $am ^ "as 

expansion was deemed necessary abS ° rbance due to dilution from thermal 
I The temperatures of thp tu* rt ^ 1 

, circulating water through a pa of "!? k ( S t ? ,Ied ^^ependently by 

•••••ater was thermoregu ated with a J! ^ Sample cham "« This 

I remperature was increased linear y ,\ ZLrl ^ baths - The 

, and 1 0°C/min with a pair of step'pe m^S^v nr S'" betWeen °- 10 
reduction; available from Hurst Mfg Co ) conn^ ^° ° 0 Step an * le ' *50X 

f regulators of the Haake baths. (Pulse id driver * d 'T ,y t0 the Lo- 
fton, the Hurst Co. The 12 V powr »nn1 boards « av ^ble 
aboratory.) Fine adjustment of Z ft W « Ye " of this 

thoroughly insulating the baths r{J.i.f ? g swit ching circuit. By 
differential between the tw stio m L ' n A"" Sam ? Ie Cambers a 
97 C range of all experiment could ' S ?. 0 " 10 = °-° 2 C ov « the 20- 
rnonitored to a hundredth of a de °e ^ T^rit T ' m ^™ were 

the cells and connected to a suitable briZ }> ^ abs ° lute ' mounted « 
-ut The temperature scale of all expTrtoen^ r 7 ° VM With BCD 
aples. The ability of this system to mTw represents the mean between 
mperature range was -onlt^co?^^ AT * ™ a **• 

^atmum resistance bulb transmitter fM^Tr J 1 ^ 3 hnearized . ^rential 
The 500n Pt elements (O'C ms£ta.ni UStn " ) a " d 4 ^ DVM - 
2o mm were mounted in dummy ce is in ? i measunn ? 2 *™ diameter by 
amplification was approx. T^ td lTn JV^ ^ ^ Cells - Si ^^ 
routinely checked by melting niS^fi " of was So 

.nucleotide helices at AT* = 0 No fZi It 7 homo " and co P°ly 

cemed in these tests. significant deviation or drift was ever dis- 

ResuJts 

Direct derivative curves 

« * -„„e„ ienl to clasify meWng proffles ^ basjc ^ ^ 



236 



to the size and sequence homogeneity of the DNA. To demonstrate the 
resolving capability of the direct method, examples of all thre classes are 
illustrated. First, are the polyphasic melting of short, homogeneous viral DN\s 
consisting of unique sequences. The example of X(CI S7 <S 7 ) DNA is illustrated in 
Fig. 1. Even when recorded for analytical purposes at over 5-fold greater 
sensitivity (Figs. lb-Id), these curves are reproducible almost to within the 
noise level (±0.00014). The profile obtained for X DNA is in good but not 
-altogether quantitative agreement with published high resolution profile - 
obtained by numerical differentiation. The numbered identification of sub- 
transitional bands corresponds quite well to that of Yabuki et al. [1,2] for the 
same temperature sensitive CI g75 S, strain; while lettered numbers indicate 
the occurrence of additional bands either unresolved or non-existence in the 
previous work. Until a direct comparison on the same DNA sample can be 
made, however, any differences that might be detected should probably not be 
construed as originating from our different techniques. 

The melting of X DNA involves a minimum of 24 discrete subtransitions, 
each occurring over a range of approx. 0.4 S C; plus another four to six that 
occur within 0.2 8 C of one of the major subtransitions and so are perceived only 
as shoulders. A detailed analysis of the high resolution profiles of X and open 
PM2 DNAs (Blake, Stephens and Yen, unpublished) indicates that during 'the 
earliest stages of melting each subtransition represents the dissociation of 2 
block of base pairs to form a local bubble in the DNA. Later subtransitions 
include the dissociation of segments between loops and therefore are associated 
with rather abrupt increases of loop entropy, followed by a cascading collapse 
of nearby segments. 

The second type of curve is represented by those obtained with bacterial and 
large viral DNAs of molecular weight greater than say 150 • 10 s and possessing 
essentially unique sequences. Such DNAs exhibit comparatively smooth, mono- 
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f is. 1. Direct^derivative mating curves of XCI 87S S 7 DNA obtained at 280 nm at a linear rat- of 6 62*0/ 
n. These experiments were conducted in the standard buffer, r>V] « 0.0120 M. (a) Computer graphics 
,°« a, *. COmplele pronie - Th " P lot w « Produced with derivative absorbance data gathered at intervals 
of 0.015 C and corrected for a slight drift In the baseline;and used also for calculations of G + C eomposi- 
uon *ven in Table I. CondiUons: AT' « 0.263°C, A 2BOnm - 1.480. (b^) These figures show sections of 
melting at greater sensitivity over narrow temperature regions. Data directly from the analog recorder on 
the spectrophotometer were photocopied. Conditions: AT* « 0.224°C, A 260 iun « l-™4. slit - 0.80 mm . 
(with automatic adjustment of the phototube fain to compensate for the increase in absorbance with 
increasing temperature). 



phasic profiles. The example of the melting of B. subtilis DNA is illustrated in 
Fig. 2. 

We expect the number of unique subtransitions, so distinct in the melting of 
DN A, to increase with DNA length. The eventual consequence will be a 
•eduction in the polyphasic resolution of a profile that more resembles a nor- 
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Fig. 2. Mel tine curve of B. subtilis DN'A recorded at 260 nm at a linear rate of 12.86°C/h. Conditions: 
47"' - O.Z6(?C. A260nm " 0.5521. The spike a; lower temperature was produced by poly(dA • dT) that 
was added to the B. subtilis DN'A. The region in between was cut out. condensing the figure to more 
reasonable proportions, yet It can be seen that the baseline remained constant within 0.0001 A 
throughout the entire experiment. 



mal distribution of a.large number of closely overlapping subtransitions. This is 
what is observed. At 10—100 times the length of \ DNA the melting profiles 
of bacterial and larger viral DNAs lose resolution between individual sub- 
transitions, though a trace of fine structure often persists in the early stages. 
This irregularity in an otherwise smooth profile is quite reproducible, and is 
clearly evident in the B. subtilis curve of Fig. 2, and probably reflects the moi? 
extreme non-random distribution of (A + T)-rich segments which melt early. 

The third type of profile is produced by DNAs from higher eukaryotes, and 
is represented here (Fig. 3) by the profile for calf thymus DNA, Members of 
this third class generally melt over a wider temperature range and are poly- 
phasic. We count four distinct peaks and at least three shoulders in the calf 
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Fig. 3. The melting of calf thymus DNA recorded at 260 nm at a linear rate of 12.86°C/h. Conditions: 
AT* - 0.32°CM 2 60nm c 0.772. 
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thymus profile. Slightly higher resolution profiles obtained recentlv (nor 
shown) reveal a fifth peak between Nos. 3 and 4 in Fi ° 3 Th ° bZ*!l ( I 
subtransitional processes. Calf DNA is almost 60 00 Sne', onge t2 X DNA 
and .therefore most unlikely to exhibit any ^transition J de tai Mo^ovlf 
the bands seen m the calf DNA profile occur over W°r • *f ov * r ' 

times the breadth of individual sub' rans!^ We spect Se2S£L5 
the magmfied effects of repetitive sequences superimposed on a S bTck 
£Tm H UmqU f e , S6qUenCeS - ° ne difficult y with this hypothesis however is 

en Q51 ln wh P ii r : °' ""fl*™ **** ^ 

™i!J • J" ?• a11 baSe com P° s iti°n remains about the same This 

rai e interesting questions about the origin and preservation of wcHLVil 

putative repetitive sequences since th* r a ™ a «* u . 

anv nnp hanrf ~u ■ , • range of base composition under 

Specrra/ dispersion of derivative melting curves 

worker, [16-18] pioneered the spectral approach for the determination of 
base composition from melting curves. Its applicability to deSvTprofUes 
as been demonstrated [14,19-21]. however, a rigorous quanUuSe ^vs 

nrofit? ha C <! 0mP , 0 K tl0n , Wit 1 h SP6Cial 6mphasis oa h * h Solution derivaUve 
profiles has not been developed. The basis of this approach is a dispersion of 

r«olve y d P °nt°o 1C ^ T^ 8 *' X " Cha ^ es in ^sorpt^n ca? be 

resolved into romponents arising from A • T and G • C base pairs: 

A-WX) = A.4 a . t (X) + A.4 g . e (X) {1) 

where A.4 obl is the increase observed and AA 1>t and A.4 f e are components of 

KSS^ ^ diSSOdati0n ° f A • T ^ d pairs From 

A.4 a . t (X) = AC a . t -Ae a . t (X) (2) 

fane 1 similarly for AA tM ) t where AC a . t is the decrease in the concentration 
^ ase Pf lrs over the temperature interval of AA ohs and Ae a , is the 
^rresponding change in extinction coefficient of an A • T base pair at wave- 
length X. The instantaneous mol fraction of G • C base pairs / corre- 
sponding to the change in absorption is given by 

/ - AC g . e _ AA g . e (\) 

te AC a . t + AC e . c A.4 a . t (X) + A_4 8 . c (\) ( 3 ) 

Short of a complete spectral analysis [16-18] adequate precision can' be 

lenl r P I y 3k -u g 1116 rati ° ° f tW0 melting curves obtained at wave- 
lengths where the contribution of A • T and G • C base pairs to AA oh show the 
greatest difference. Allowing consideration for further salification" it ^ lost 

17?^ °n , WaV n 6l( L n?th ' X " is isosbest ic for A • T base pairs, so that 
-^a.tlA,l/A^ a . t (X 2 ) - 0. For maximum sensitivity the other wavelength X, is 
then chosen that gives the largest absorbance change in difference spectra for 
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the dissociation of an A * T base pair. The isosbestic wavelength for the A * T : 
base pair is popularly believed to be a: 2S0 nm, however, we find that wave- 
length to be isosbestic only for the alternating d(A-T) * d(A-T) copolymer. 
Fig. 4 illustrates melting curves for a I : 1 mixture of d(A-T) • d(A * T) and 
dA • dT at four wavelengths. We see that 2S0 nm is isosbestic for d(A-T) • 
d(A-T) while that for dA * dT is beyond 2S4 nm. demonstrating a dependence * 
of the absorption between 280 and 254 nm on three out of the seven possible 
A-T nearest neighbors in DNA, with the sum of their absorbances being I 
isosbestic at (or very close to) 282 nm. Similar profiles of d(A-C) * d(G-T 
indicate an isosbestic wavelength also rather near 232 nm for the sum ci 

/ A ' T \ / C ' G \ • 

( ) and ( ) nearest neighbors. On the basis of these results and [ 
C • G ^A * T 

presuming the A • T base pair in DNA to have a more-or-less random distribu- I 

tion of all seven nearest neighbors we are persuaded that the minimum | 
absorbance change for the dissociation of the A • T base pair will occur at (or 

very near) 282 nm. * 
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Fig. 4. The melting of a 1.2 : 1 mixture of poly[d(A-T) • d(T-A)] and po!y(dA * dT) at four wavelengths: 
2€0om, where the increase in absorbance on melting is. maximal; 280 nm, where the change is approxi- 
mately zero for d(A-T) • d(T-A), i.e. the absorbances of helically stacked and disordered A • T base pairs 
are identical (isosbestic), while d A * dT still shows a significant increase in absorbance on melting; 282 run, 
where the decrease in absorbance on melting d(A*T) • d(T-A) is almost equivalent to the increase for dA * 
dT; and 284 nm, where the decrease for d(A-T) * d(T-A) is only slightly larger, while the change for 
dA • dT Is almost zero. Poly(dA • dT) shows a rather diffuse approach to an isosbestic wavelength between 
284 and 287 nm for the order disorder transition of the helix. The precise isosbestic point appears close 
to 286 nm. Conditions: AT* « 0.224°C. ^^SOnm" °- 4063 * 
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instant. From integration of seve aJ melJT C ° mp ° sition Associating at that 
dA • dT at 260 nm (cf F> 4) fJJ„ meltmg curves of d(A-T) • d(A-T) and 
mol-t - cm- for to^^L^T^"^ coe ^ient of 9737 1 
2765 ±951- m ol-i . cm- CoLauenMv ?*f W find that ( 260 ™) = 
evaluated in Eqn. 4. Cons ^ently, just two constants remain to be 

Variation of T m with total G + C composition F 

(upper plateau) - A (loweril The T £t T Z A (T -> " °- 5 M 

mate a Unea, dependence on'toW^ C co^a 7 Tr'T* "-ST^ 

^inas irom difierent organ sms In P<f3hi? e h;«„ * _» , r c ' * or 

we attempted to minimise ^om^^V^^?™ f ° r this st ^y, 
concentration or temperature bv mS„T J ^ fluctuatio ™ in cation 
DNAs simultaneously P For «.m D S DN a 7* "I. 0 "* 10 "-** three different 

- we, 33 in combination Mth^S^aeT^*^ 
Table I represent averages of at tact f,„ a ~ m results S ,ven in 

amount of dA • dT (Tl - O im m ™ Uiements ° n -<*ch DN'A. A tiny 
Fig. 2), since its profit ^e7 £ S ^ ^ t0 eaCh Sam P ,e < cf 

fluctuations in [Na* ] or tem^aSre T h?f n h ^ T*™ indic " t0r ° f slight 
-n of T m with' F J ^ ^^^S^* * *™ *e van, 
s.on fitting the data in this figure is given by "P 1 "- 
?fc = 0.0199 r m - 0.990 

that the variance about 

-ear expression. The dat a ^ e better 7t by " " ^ ^ ,or the sim P Ie 
^•e « -0.5701 + 0.0100 • T m + 7.1525 X 10~ 5 7* 
describing the line through data in Fie 5 ThL ■ 

reason to constrain these data to . L«f , n ° ngorous theoretical . 

indicate the dependence of ? on 5? 1 ° n the C ° ntraiy ' recent st ^ies : 

1261. Aithoug h P t heva^a e nceis Vp -^Polynomial " 
we nevertheless use Eqn. 6 for .ub^uentJSd^ ° %) 3 CUblC 6qUation ' 

Variation of AA 2S2nm/ AA 260nm with the Instantaneous G + C composition. 

The two remaining constants, in Eqn. 4, Ae, c (282 nm) and Ae, c (260 nm), 



242 



TABLE I 



BASE COMPOSITIONS OF SELECTED DNAs DETERMINED BY THERMAL AND SPE 


CTRAL METH- 


ODS 












DNA 




Base composition (mol fraction of G * 


C base pairs) 






(°C) • 














Instantaneo 


us . - a: 7— 


Total F* 


. c CEqn. 7> 


Total F- . 






Thermal 


Spectra! 


Thermal 


Spectral 


from the 






(Eqn. 6) 


(Eqn. 4) 






literature f 25] 


C. perfringens 


59.66 


U.Z7o 


0.310 


0.277 


0.313 


0.299 


Pseudomonas BAL 31 


66.25 


0.413 


0.412 


0.412 


0.419 




B. sub tilts 


67.88 


0.436 


0.410 


0.434 


0.387 


0.424 






0.502 


0.489 


• • 




(0.500) 


XCI357S7 


71.42 


0.507 


0.559 


0.490 


0.490 


0.490 


£. colt 


71.69 


0.512 


0.507 


0.513 


0.496 


0.507 


Ps. fluorescent 


76.69 


0.614 


0.627 


0.619 


0.606 


0.620 


M. lysodcihticus 


80.76 


0.699 


0.739 


0.697 


0.676 


0.720 


Calf thymus 


67.95 


0.438 


0.419 


0.449 


0.432 


0.431 


Moose liver (A. alces) 


68.70 


0.452 


0.437 


0.447 


0.4 52 




Salmon sperm 


68.75 


0.4 53 


0.43 5 


0.4 57 


0.432 


0.4 23 


Average 


i0.26°C 




:3.6 r e 


il.91 


i3.8r e 




• Solvent: 0.0075 M NaCl. 0.005 M sodium cacodylate. 0.0002 


M Na-EDTA. pH 6.85 ((Na*J « 0.012 M). 
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* • An analysis of melting is in progress (cf. refs. 29 and 30). 
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Fig. 5. Variation of T m with F g . c . The filled circles (•) represent the average of at least five measurements 
of T m on CI. perfringens. T 4 , B. subtilts, X, poly [d( A-C) « d(G-T)J, £. colt. Ps. fluoresce™, and M. 
lysodcihticus DNA. Numerical values for r m and F^. c are given in columns 2 and 7 of Table I. Standard 
deviations, reflected in the diameter of each point, axe given only for the scatter In T m and not for Fg. c * 
Open circles (O) represent data from Mandel et al. [24]. These latter data were obtained at slightly higher 
[Na*], and so required a correction of about 4°C according to the expression of Owen et al. [23) (cf. 
Frank-Kamenetskii) [25], modified slightly according to our own determination of the dependence of 
T m on both F vc and [Na*]. The line through data is given by Eqn. 6. 




Fig. 6. Variation of 

A **260nm« with /g. c - 
m el tin j curves of CI. 
E. coli (A), p St fluor 
wh «« fg. c m 2.765/f ' 
mined at 0.05°C inu 
pair of profiles, and 
upper and lower lim 
fore are intrinsically 
by fine adjustment 
was obtained by cart 



TRAL MZTH- 



ToiaJ F 



% • c 



from the 
literature [2j] 

0.299 

0.424 
(0.500) 
0.490 
0.507 
0.620 
0.720 

0.431 

0.4 23 

i2.9<" f 

*j = 0.012 . 
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were evaluated empirically from the variation of A 4 iaa w. • 

Evaluation of Ae. _ (260 nm) and Ae (<?no u • . 

ecu" e 4~ r„'V h0Se CalCU ' aled by «• is *»"»»y »«>■» ™3St 0 

Since 2S2.0 nm is isosbestic for the A • T base pair, the fraction of G • C base 



measurements 
icenj, and A/. 
i\c I. Standard 
1 not for F e . c . 
slightly higher 
t aJ. [23] (cf. 
.ependence of 




0.4 QS 

melting curve, of C/ 1 „ ™ m I»*«on d.uonating at that temperature. Data a« from the 

where e . 2 765^2 009/AA # *»etii (O,. The line through data Is given by expre Jon 4 

^ ^"c ^^^^i^ 6 ^' 1 - 7 " 1 - ^ AA 282„m/AA 260nm ratio wa, d.te, 
Pair of profile, « d S e H hi ! P ,„ temperature range of ob«rv,bl« melting In each wavelength 

upper ^tj^z^o '^zv^Ia poInt :: d / eatrai 9 ~ 8 * ° f -< h pr °' ue - Th < ~» 

~ obtained b y earefu, ^Son^ - ba^e 
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AA(2S2) 
AA(2«0) 

Fig. 7. Variation of A/*282nm^ / *260nm with f t . c for DNAs from calf thymus (•), salmon sperm (C) and 
moose liver (♦). 

pairs dissociating under any subtranskional band, or total fraction under an 
entire profile will be proportional to the integrated area under the derivative 
profile between the extreme upper and lower limits of melting, T x and 7\: 



t 2 

-E 

7-1 



AA 



282 nm 



(7) 



Base compositions determined in this fashion are given in Table I for both 
thermodynamic (column 5) and spectral f t , c (column 6). The apparent 
precision of the spectral method for the determination of total base composi- 
tion is approximately the same as the combined precision for traditional 
methods [27,28]. 

As a further test of the spectral method we have analyzed the broad melting 
curves of calf thymus, moose liver (.4. alces) and salmon sperm DNAs. The 
dependence of Aj4 2 82nm/^260nrn on / f . c for these DNAs are shown in Fig. 7. 
Despite considerable differences in their profiles, the fit to empirical Eqn. 4 
(solid line) is excellent in all three cases. 

Discussion 

Results described satisfy two objectives: We have demonstrated the ability of 
the direct method to produce derivative melting curves on short homogeneous 
DNAs showing well resolved hyperfine detail. Also, we have derived a quantita- 
tive relationship between the ratio of melting curves obtained at 282 and 
260 nm, and both instantaneous and total G + C composition. The estimated 
precision of this relationship appears to be better than ±3%; moreover, it is 
applicable to DNAs with base compositions beyond the usual range isolated in 
to to from a single species. 
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Despite the many apparent advantages and disadvantages o: the direct WTO k 
numencal methods for producing derivative melting curves, only one wJr ant 
senous attenhon: the ability to resolve subtransitional detail d ect 

method appears to us at the present time to have a distinct advaLil 
principle. Resolution is limited only by the control of AT* between^nleT 
Moreover, instantaneous signa. averaging is, more-or-less, an autom tic Sre 

sin? „?° 6 b6a T' rati ,° r6COrding ^^rophotometer; whereS moShtaJ 
steps of numerical methods incorporate fixed function constSnTon 

of mZIL 8 ™^ Pr ,° CedUreS ™ Pr0bab * s^profiles 
of predictable contour, such as produced by homopolynucleotide h dices ?2 91 

3SSc C SSTl61 [8 So ^ ^ hete ^— • b-tmSg 
"2 , DNA f [6>l£) J- However, it 1S very difficult to estimate the extent 
P rocedu /« may lead to subtle distortions in the complex proves o 
heteropolymers of unknown sequences, particularly those exhibit over 
lapping, closely spaced subtractions. exnioiting over- 
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